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recording/reproduction RF signal. 
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<Title of the Invention> 

Optical -Disc Recording and Reproduction Apparatus 

<What is Claimed is> 

An optical -disc recording and reproduction 
apparatus capable of recording digital data such as a 
sound and an image onto an optical disc and reproducing 
such data from said disc, said optical -disc recording and 
reproduction apparatus characterized in that said 
optical -disc recording and reproduction apparatus has a 
mechanism capable of carrying out operations to record 
and reproduce data accurately without losing a real-time 
property of said recording and reproduction operations by 
performing a focus correction process making use of a 
recording/reproduction RF signal right after said 
recording and reproduction operations. 

<Background of the Invent ion> 
<Applicable Industrial Field> 

The present invention relates to a disc recording 
and reproduction apparatus for recording information onto 
a disc and reproducing information from the disc. To 
further put it in detail, the present invention relates 
to an optical -disc recording and reproduction apparatus 
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having good recording and reproduction characteristics of 
losing no real-time properties due to a focus correction 
process carried out in a short period of time by making 
use of an evaluation function value obtained from an RF 
signal of a data block, on which a recording or 
reproduction command has been executed, right after 
execution of the command. 



<Art Related to the Invention> 

In the field of the disc recording and reproduction 
apparatus, a CD (Compact Disc) used for recording an 
audio signal has been becoming popular as a reproduction 
-only disc. In addition, a DVD (Digital Versatile Disc) 
having a large storage capacity and offering a high 
transfer rate has been becoming available as a disc used 
for recording a moving picture. On top of that, other 
recording discs such as a CD-ROM and a DVD-ROM are 
already widely used as discs for recording digital data 
in the physical formats of the CD and the DVD 
respectively as data to be reproduced in a computer. 
Furthermore, recording mediums such as an MD (Mini Disc) 
and an MO (Magnet Optical Disc) , which adopt a magneto- 
optical recording method, as well as a PD and a DVD-RAM, 
which adopt a phase -change recording method, have been 
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put to practical use as recording/ reproduction discs. 

In the present state described above, by virtue of 
progress in technologies including the microprocessor 
technology in recent years, information can be converted 
into digital data to be recorded as well as reproduced in 
a real-time manner. In this case, the information 
includes not only a character-based text, but also a 
sound, a still picture and a moving picture. Such 
information is raising a need and a demand for a 
rewritable disc system offering a large storage capacity 
and a high transfer rate, which are suitable for the 
information . 

In order to increase the storage capacity of an 
optical-disc system, in general, the size of an optical 
spot in recording and reproduction processes must be 
suppressed to a small value so as to raise the surface 
density. Normally, the optical -spot size a is expressed 
as follows: 

a = a x A / NA 
where a is the size of the optical spot, 
a is a constant determined by the optical strength 
distribution, 

A is the wavelength of light and 

NA is the aperture ratio of the lens. 



It is thus obvious that by employing a 
semiconductor laser having a small wavelength A and an 
objective lens with a large value of the aperture ratio 
NA, an optical spot having a small size can be obtained. 
As a result, the surface density of recorded data can be 
increased and, hence, an optical -disc system having a 
large storage capacity can be realized. 

However, reduction of the diameter of the optical 
spot by adoption of the method described above 
inadvertently decreases the focal depth. That is to say, 
a margin for a defocus state caused by a focus shift also 
decreases. In general, the focal depth d is expressed by 
the following relation: 

d oc x/ (NA) 2 

That is to say, the smaller the wavelength A and the 
smaller the aperture ratio NA, the smaller the focal 
depth d. For this reason, in order to position the 
recording surface within the focal depth so as to 
accurately record data onto an optical disc for 
implementing high-density recording and reproduction 
operations as well as reproduce data from such a disc 
with a high degree of accuracy, high-precision focusing 
control is required. 



<Problems to be Solved by the Invention 

As described above, high-precision focusing control 
is required in an optical disc drive striving for a 
larger storage capacity by increasing the recording 
density through use of a semiconductor laser having a 
small wavelength and an objective lens with a large value 
of the apperture ratio NA. 

A focal shift in the focusing control is 
conceivably caused by, among others, a steady-state 
deviation, a focal position shift and a change in servo 
target value. The steady-state deviation is caused by a 
residual error of the servo control. The focal position 
shift is caused by unevenness of the disc board surface. 
The change in servo target value is caused by offset 
variations, which are caused by, among others, increases 
in drive internal temperature. 

The steady- state deviation caused by a residual 
error of the servo control is determined by the magnitude 
of a focus disturbance element and the gain of the servo 
control. A number of methods can be adopted in order to 
carry out high-density recording and reproduction 
processes, in accordance with one of the adopted method, 
the number of disturbances is reduced to value smaller 



than that of the conventional disc system whereas the 
gain is increased in order to reduce the steady- state 
deviation. As for the focal position shift caused by 
unevenness of the disc board surface, automatic control 
is executed by referring to information read out a ROM 
area provided in advance on the disc as information such 
as jitter values of an RF signal and the amplitude of the 
signal in order to adjust the position of the optical 
disc to an optimum one in an operation to insert the disc 
into the disc drive. In this way, the focusing precision 
can be improved. In this case, a focus bias can be 
changed to a variety of values in order to find an 
optimum point. 

In order to carry out a correction operation to 
eliminate offset variations and the like, which are 
caused by increases in drive internal temperature or the 
like, however, it is necessary to carry out the 
correction operation while the disc drive is operating. 
Thus, in the case of the conventional recording and 
reproduction apparatus, a correction area for recording 
an RF signal is provided in advance in the disc and, when 
an increase in drive internal temperature or the like is 
detected, the head is moved to the correction area and a 
correction operation is then carried out. In the mean 
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time, however, recording and reproduction operations 
cannot be carried out. Thus, among other solutions to 
this problem, it is necessary to separately provide a 
buffer for storing real-time data such as a moving 
picture in advance because the data cannot be reproduced 
during the correction operation. In consequence, the 
conventional recording and reproduction apparatus becomes 
complicated . 

<Means for Solving the Problems> 

In order to solve the problems described above, 
inventors of the present invention have innovated an 
optical -disc recording and reproduction apparatus 
characterized in that the optical-disc recording and 
reproduction apparatus has a mechanism capable of 
recording and reproducing accurate data without losing 
the real-time property of the recording and reproduction 
operations by carrying out a focus correction process 
making use of a post -recording/ reproduction RF signal 
right after execution of a recording/ reproduction 
command . 

<Embodiment of the Invention> 

A typical optical -disc recording/reproduction 
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apparatus making use of the present invention is 
explained by referring to diagrams as follows. 

Fig. 1 is a functional block diagram showing the 
apparatus making use of the present invention. In a 
process to record data, the optical -disc 
recording/reproduction apparatus receives a recording 
command and the data from an external host through an 
interface circuit 14 . The recording command and the data 
are passed on to an ECC circuit 13, which adds data 
correction codes to the data. The data is then modulated 
by a modulator 11 before being converted by a recording- 
waveform control circuit 6 and an APC circuit 4 into a 
recording waveform having a proper laser output . An 
optical pickup 2 finally records the recording waveform 
onto the disc. In a process to reproduce data, on the 
other hand, an RF signal read out by the optical pickup 2 
is converted into binary data by a waveform equalization 
circuit 7 and a data picking circuit 8. The binary data 
is then demodulated in a demodulator 12 . Subsequently, 
the ECC circuit 13 eliminates read errors caused by disc 
defects or the like by making use of the correction codes 
added to the output in advance. Finally, the output of 
the ECC circuit 13 is transmitted to the external host by 
way of the interface. In both a process to record data 
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and a process to reproduce data, a PLL circuit 5 and a 
timing generation circuit 9 generate a clock signal and 
supply the signal to the other circuits. In addition, a 
variety of error signals reproduced by the optical pickup 
2 are used by the servo circuit 3 for determining an 
accurate position on the disc. Furthermore, the PLL 
circuit 5 has a function to output an evaluation function 
value of information such as jitter values of an RF 
signal and the amplitude of the signal. These pieces of 
information are read out by a controller 10. The 
controller 10 is also capable of making various kinds of 
setting for the servo circuit 3 . 

An algorithm of focus -precision correction carried 
out in accordance with the present invention is shown in 
Fig. 2. That is to say, an evaluation function value used 
in the focus precision correction has a shape like one 
shown in Fig. 2. Examples of the evaluation function 
value are jitter values and the amplitude of the signal. 
First of all, for the present focus bias value fd, the 
evaluation function value F (fd) at a focus bias value 
(fd+a) , where notation a denotes a step value determined 
in accordance with the degree of precision, is acquired 
by evaluation function value generation circuit (5 in Fig. 
1) . Then, the focus bias value is changed to (fd-a) and 



the evaluation function value F (fd-a) is acquired in the 
same way. 

A condition for convergence is given as follows: 
|F(fd+a) - F(fd-a) | < k 

(where notation k denotes a convergence condition 
value determined in accordance with specifications of the 
evaluation function value, the precision and the 
convergence time.) If the condition for convergence is 
satisfied, the present focus bias value fd is taken as 
the optimum value of the focus bias value. If the 
condition for convergence is not satisfied, on the other 
hand, the present focus bias value fd is updated as 

follows : 

fd = (fd+a) for F (fd+a) > F (fd-a) or 

fd = (fd-a) for F (fd+a) < F (fd-a) 

The operations to update the present focus bias 
value fd if the condition for convergence is not 
satisfied and examine the condition for convergence in 
order to determine whether or not the condition is 
satisfied are carried out repeatedly till the condition 
for convergence is satisfied. 

By carrying out the operations described above, the 
focus bias value can be set to a point at which the 
evaluation function value reaches a maximum. 



Fig. 4 shows a flowchart representing processing 
carried out by the drive as processing including the 
operations described above. 

In order to obtain an evaluation function value, an 
RF signal is required. In order to obtain an RF signal, a 
focus -bias correction operation is carried out right 
after a data-read instruction or a data-write instruction 
received from the host. By carrying out a steal operation 
right after the data-read instruction or the data-write 
instruction on a specific track completing the execution 
of the instruction and then returning back to a track 
immediately preceding the specific track, the RF signal 
used in a read or write operation carried out on the 
immediately preceding track can be obtained. Then, the RF 
signal is used in the focus correction processing 
represented by the flowchart shown in Fig. 3. 

By carrying out the operations described above, an 
RF signal required in the focus correction processing can 
be obtained in an extremely short seek time. 

In accordance with the present invention, focus 
correction processing is carried out right after a data 
read instruction or a data write instruction by making 
use of an RF signal used in the execution of the 
instruction. Thus, the focus correction processing can be 
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completed in an extremely short seek time. As a result, 
high quality data can be recorded onto the optical disc 
or reproduced from the disc in a real-time manner. 

Fig. 1 is a functional block diagram roughly 
showing an optical -disc recording/reproduction apparatus 
provided by the present invention; 

Fig. 2 is an a flowchart of focus bias value 
setting carried out in accordance with the present 
invention; 

Fig. 3 shows a diagram representing the algorithm 
according to the present invention; and 

Fig. 4 shows a flowchart representing operations 
carried out by a drive provided by the present invention. 

Fig. 1 

1: optical disc 
2 : optical pickup 
3 : servo circuit 
4 : APC circuit 

5: PLL/evaluation function value generation circuit 
6: recording -waveform control circuit 
7: waveform equalization circuit 
8: data picking circuit 
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9: timing generation circuit 

10: controller 

11: modulator 

12 : demodulator 

13 : ECC circuit 

14 : interface circuit 

1- 1: Host 

Fig. 2 

2- 1: Evaluation function value F(x) 
2-2: Optimum point 

2-3: Focus bias value 



Fig. 3 

3-1: Get focus bias value fd 

3-2: Obtain evaluation function value F (fd+a) 

3- 3: Obtain evaluation function value F (fd-a) 

Fig. 4 

4- 1: Wait for command 
4 - 2 : Command? 

4-3: Read or write data? 

4-4: Execute read or write operation 

4-5: Retreat by one track 
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4-6: Execute focus correction operation 
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